12 United States Patent

Bassett

US009113589B2

US 9,113,589 B2
Aug. 25, 2015

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)
(73)

(%)

(21)
(22)
(65)

(63)

(1)

(52)

(58)

AGRICULTURAL APPARATUS FOR SENSING
AND PROVIDING FEEDBACK OF SOIL
PROPERTY CHANGES IN REAL TIME

Applicant: Dawn Equipment Company,
Sycamore, IL (US)

Inventor: Joseph D. Bassett, Sycamore, IL (US)
Assignee: Dawn Equipment Company,
Sycamore, IL (US)
Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 123 days.
Appl. No.: 13/750,720
Filed: Jan. 25, 2013
Prior Publication Data
US 2014/0048001 Al Feb. 20, 2014

Related U.S. Application Data

Continuation of application No. 13/589,829, filed on
Aug. 20, 2012.

Int. CL.
A0IB 63/111 (2006.01)
AO0IB 63/24 (2006.01)
(Continued)
U.S. CL
CPC ..o AO0IB 637111 (2013.01); A01B 63/24

(2013.01); A01C 5/064 (2013.01); AOIC 5/066
(2013.01); A0IC 7/205 (2013.01)

Field of Classification Search
CPC .... AOIB 63/114; AOIB 63/111; AO01B 63/10:
AO1B 63/02; AO1B 63/00; AO1B 63/32;
AO1B 63/24; AO1B 63/22:; AO01B 63/16;
AO1B 63/008; AO1IB 61/046; AO1B 61/044:
AO1B 61/04; AOIB 61/00; AO1B 33/087;
AO1B 33/08; AOIB 33/00; AO1B 33/024;
AO1B 79/005; AO01B 79/02; AO1B 63/14;
AO01B 5/00; AO1B 5/06; AO1B 5/062; AO01B
5/064; AO1B 5/066; AO1B 35/068; AO01C
7/203; AO01C 7/205; AO01C 7/201; AO01C 7/20;
A01C 7/208; A01C 7/00; EO2F 9/2029;
EO2F 9/2033; EO2F 9/2037; EO2F 9/2025;
EO2F 9/20; EO2F 9/00; EO2F 9/2271; EO2F

0/2264; EO2F 9/2257; EO2F 9/2221; EO2F
0/2217; EO2F 9/22077; EO2F 9/2203; EO2F
9/22; EO2F 5/027; EO2F 5/02; EO2F 5/00
172/4,2,413; 111/135, 139-143, 157,
111/163-169, 190-196, 200, 900, 927;
701/50

See application file for complete search history.

USPC

(56) References Cited

U.S. PATENT DOCUMENTS

114,002 A
353,491 A

4/1871 Godfrey
2/1886 Wells

(Continued)

FOREIGN PATENT DOCUMENTS

10/1956
9/1956

(Continued)
OTHER PUBLICATIONS

551372
5300673

BE
CA

Case Corporation Brochure, Planters 900 Series Units/Modules

Product Information, Aug. 1986 (4 pages).
(Continued)

Primary Examiner — Christopher J Novosad
(74) Attorney, Agent, or Firm — Nixon Peabody LLP

(57) ABSTRACT

An agricultural system includes a towing frame to which a
planting row unit 1s attached. The planting row unit 1s mov-
able 1n a forward direction on a field having soil of varying
hardness conditions, including a soit soil and a hard soil. The
planting row unit 1includes a planting bin positioned rear-
wardly of the towing frame for carrying at least one of a
tertilizer and seeds to be deposited into the soil. The planting
row unit further includes a linkage assembly for coupling the
planting bin to the towing frame, and an opener device for-
ward ol the towing frame. The opener device prepares the soil
and 1includes an opener blade and a soil-hardness sensor. The
opener blade maintains the same soil-penetration depth Z 1n
the soft so1l and the hard soil based on soil-hardness changes
detected by the soil-hardness sensor.
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AGRICULTURAL APPARATUS FOR SENSING
AND PROVIDING FEEDBACK OF SOIL
PROPERTY CHANGES IN REAL TIME

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-

tion Ser. No. 13/589,829, titled “Agricultural Apparatus For
Sensing And Providing Feedback Of Soil Property Changes

In Real Time™ and filed on Aug. 20, 2012, which 1s imncorpo-
rated herein 1n 1ts entirety.

FIELD OF THE INVENTION

The present mvention relates generally to agricultural
equipment and, more particularly, to a row crop implement
having a soil sensor for providing down-pressure control
teedback 1n real time.

BACKGROUND OF THE INVENTION

In agricultural operations, 1t 1s known to measure a force
exerted on gauge wheels of an agricultural implement (e.g., a
row crop planter), with a load cell or some other device. Based
on this force, a signal 1s transmitted to an actuator that exerts
a down-pressure force on the implement. The signal causes
the actuator to change the down-pressure force, in response to
a change 1n so1l conditions, and achieve a desired force on the
row crop planter.

Moreover, 1t 1s common 1n agricultural operations for
small, localized, and compacted soil areas to be formed by tire
tracks, topography changes, or soil type. These compacted
so1l areas cause the soil conditions to change, for example,
from a hard soil condition to a soft soi1l condition. Current
agricultural systems, however, react to signals caused by a
compacted soil area after the implement has already passed
over that compacted soil area. As such, current agricultural
systems fail to apply a correct level of pressure for the soil that
1s immediately beneath the implement. Instead, when a new
so1l condition 1s detected 1n a particular field location, current
agricultural systems apply the level of pressure associated
with the new soil condition either before or after the imple-
ment has passed the particular field location. This results in
inellicient and/or improper soil preparation for agricultural
applications, such as planting or tilling, which, 1n turn, causes
a decrease 1n crop quality and volume.

SUMMARY OF THE INVENTION

In accordance with one embodiment, an agricultural sys-
tem includes a towing frame to which a planting row unit 1s
attached. The planting row unit 1s movable 1n a forward direc-
tion on a field having soil of varying hardness conditions,
including a soft soil and a hard soil. The planting row unit
includes a planting bin positioned rearwardly of the towing
frame for carrying at least one of a fertilizer and seeds to be
deposited into the soil. The planting row unit further includes
a linkage assembly for coupling the planting bin to the towing
frame, and an opener device positioned forward of the towing
frame. The opener device prepares the soil and includes an
opener blade and a soil-hardness sensor. The opener blade
maintains the same soil-penetration depth Z 1n the soft soil
and the hard soil based on soil-hardness changes detected by
the soil-hardness sensor.

In accordance with another embodiment, an agricultural
system 1ncludes a towing frame and a plurality of planting
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row units attached to the towing frame 1n a side-by-side
arrangement. The plurality of planting row units 1s movable 1n
a forward direction on a field having soil of varying hardness
conditions, the soil including a soit soi1l and a hard soil. At
least one of the plurality of planting row units includes a
planting bin positioned rearwardly of the towing frame for
carrying at least one of a fertilizer and seeds to be deposited
into the soil. A parallel-bar linkage assembly couples the
planting bin to the towing frame, and a hydraulic actuator 1s
mounted rearwardly of the towing frame for applying down-
pressure to at least one of the plurality of planting row units.
An opener device 1s attached to the towing frame 1n a forward
position relative to the towing frame. The opener device pre-
pares the soil for recerving at least one of the fertilizer and the
seeds from the planting bin. The opener device includes an
opener blade and a soil-hardness sensor. The opener blade
maintains the same soil-penetration depth Z in the soit soil
and the hard soil based on soil-hardness changes detected by
the soil-hardness sensor. The agricultural system further
includes at least one controller for determining changes to
pressure 1n the hydraulic actuator in accordance with the
so1l-hardness changes.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may best be understood by reference to the
following description taken 1n conjunction with the accom-
panying drawings, in which:

FIG. 1 1s a perspective view of a soil-hardness sensing
device attached to a planting row unit.

FIG. 2 1s a schematic side elevation illustrating the soil-
hardness device attached to the planting row unit.

FIG. 3 1s a schematic diagram 1illustrating the determina-
tion of hydraulic pressures for a planting row unit.

FIG. 4A 1s a side elevation of an agricultural system mov-
ing over soit soil conditions.

FIG. 4B 1s a side elevation of the agricultural system of
FIG. 4A 1n which a soil-hardness sensing device 1s moving
over hard soil conditions.

FIG. 4C 1s a side elevation of the agricultural system of
FIG. 4B 1n which a planting row unit 1s moving over the hard
so1l conditions.

FIG. 5A 1s a schematic side elevation illustrating sensing of
so1l conditions and determining of hydraulic pressures for a
planting row unit.

FIG. 5B 1s a flowchart of an algorithm for adjusting a
pressure applied to a soil-hardness sensing device.

FIG. 5C 1s a flowchart of an algorithm for adjusting a
user-defined variable associated with a pressure applied to a
planting row unat.

FIG. 5D 1s a flowchart of an algorithm for adjusting a
user-defined variable associated with a pressure applied to a
row-clearing unit.

FIG. 6A 1s a top elevation 1llustrating an agricultural sys-
tem 1n which a plurality of planting row units are adjusted by
two soil-hardness sensing devices.

FIG. 6B 1s a side elevation 1illustrating the agricultural

system of FIG. 6B.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

Although the mvention will be described in connection
with certain preferred embodiments, it will be understood that
the mvention 1s not limited to those particular embodiments.
On the contrary, the mvention 1s mtended to cover all alter-
natives, modifications, and equivalent arrangements as may
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be 1included within the spirit and scope of the mvention as
defined by the appended claims.

Referring to FIG. 1, an agricultural system 100 includes a
so1l-hardness sensing device 102 attached in front of an agri-
cultural row unit 104 (also referred to as a planting row unit)
via a towing frame 106. The towing frame 106 1s generally a
common elongated hollow frame that 1s typically hitched to a
tractor by a draw bar. The towing frame 106 1s rigidly attached
to a front frame 108 of a four-bar linkage assembly 110 that 1s
part of the row unit 104. The four-bar (sometimes referred to
as “parallel-bar”) linkage assembly 110 1s a conventional and
well known linkage used 1n agricultural implements to permit
the raising and lowering of tools attached thereto.

As the planting row unit 104 1s advanced by the tractor, a
pair of cooperating toothed clearing wheels 122 work the soil
and then other portions of the row unit, such as a V-opener
disk 112, part the cleared soi1l to form a seed slot, deposit seed
in the seed slot and fertilizer adjacent to the seed slot, and
close the seed slot by distributing loosened soil 1nto the seed
slot with a closing wheel 114. According to one example, the
closing wheel 114 1s a CUVERTINE™ closing wheel sold by
the assignee of the present application. The CUVERTINE™
closing wheel 1s an efficient toothed wheel in-between a
spading wheel and a rubber wheel.

A gauge wheel 116 of the planting row unit 104 determines
the planting depth for the seed and the height of introduction
of fertilizer, etc. One or more bins 118 on the planting row
unit 104 carry the chemicals and seed that are directed 1nto the
so1l.

The planting row unit 104 1s urged downwardly against the
so1l by its own weight. To increase this downward force, or to
be able to adjust the force, a hydraulic or pneumatic actuator
120 (and/or one or more springs) 1s added between the front
frame 108 and the four-bar linkage assembly 110 to urge the
planting row unit 104 downwardly with a controllable force.
Such a hydraulic actuator 120 may also be used to lift the row
unit oif the ground for transport by a heavier, stronger, {ixed-
height frame that 1s also used to transport large quantities of
tertilizer for application via multiple residue-clearing and
tillage row units. According to one example, the hydraulic
actuator 120 1s an RFX™ gystem sold by the assignee of the
present application. The RFX™ system includes a down-
pressure actuator that 1s a compact, fast action actuator, and
that 1s remotely controlled. The RFX™ system includes an
nitrogen pressure-vessel that 1s integrated with the down-
pressure actuator. According to other examples, the hydraulic
or pneumatic actuator 120 may be controlled to adjust the

downward force for different soil conditions such as 1is
described 1n U.S. Pat. Nos. 5,709,271, 5,685,245 and 5,479,

992.

The planting row unit 104 further includes a row-clearing
unit 122 having a pair of rngid arms 124 adapted to be rnigidly
connected to the towing frame 106. According to one
example, the row-clearing unit 122 1s a GFX™ system (1.e.,
ground elffects row cleaner), which 1s sold by the assignee of
the present application, that 1s a hydraulically-controlled row
cleaner. The GFX™ system 1s a hydraulically-controlled row
cleaner with spring upward pressure and hydraulic down
pressure. Furthermore, the GFX™ gsystem 1s remotely
adjusted.

At the bottom of the row-clearing unit 122, the pair of
cooperating toothed clearing wheels 126 are positioned
upstream of the V-opener disk 112 of the planting row umit
104. The clearing wheels 126 are arranged for rotation about
transverse axes and are driven by the underlying soil as the
wheels are advanced over the soil. The illustrative clearing,
wheels 126 are a type currently sold by the assignee of the
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present imnvention under the trademark TRASHWHEEL™,
The clearing wheels 126 cooperate to produce a scissors
action that breaks up compacted soil and simultaneously
clears residue out of the path of planting. The clearing wheels
126 kick residue ofl to opposite sides, thus clearing a row for
planting. To this end, the lower edges are tilted outwardly to
assist 1n clearing the row to be planted. This arrangement 1s
particularly well suited for strip tilling, where the strip cleared
for planting 1s typically only about 10 inches of the 30-inch
center-to-center spacing between planting rows.

The soil-hardness sensing device 102 has a first linkage
130 with an attached blade 132 and a second linkage 134 with
an attached gauge wheel 136. According to one example, the
linkages are medium FREEFARM™ linkages sold by the
assignee of the present application. The FREEFARM™ link
ages are generally a modular set of parallel linkages used for
different purposes. Also, according to one example, the soil-
hardness sensing device 102 1s a FORESIGHT AND CFX™
ground hardness sensor that 1s sold by the assignee of the
present application.

The two linkages 130, 134 are parallel to each other and
cach has a down pneumatic pressure that 1s controlled 1nde-
pendently. Under constant pneumatic pressure, when the soil-
hardness sensing device 102 1s moved through the field, the
blade 132 penetrates the so1l deeper 1n soit so1l and shallower
in hard soil. However, the wheel 136 rides on the soil surface
regardless of the type of soil.

Each linkage 130, 134 has a high quality all-stainless steel
linear position sensor 138, 140 enclosed 1n a protecting hous-
ing, with a cable 142, 144 routed to a central processing unit
(CPU) 146, which includes a memory device for storing
istructions and at least one processor for executing the
mstructions. When the blade 132 or the wheel 136 moves, a
corresponding change in value 1s recorded on the respective
position sensors 138, 140. The two values from the position
sensors 138, 140 are outputted as fast as approximately 1,000
times/second and are fed as soil-hardness signals to the CPU
146, which 1s a rugged outdoor-rated programmable logic
controller that measures the difference in the two values 1n
real time.

In the illustrated example, the CPU 146 1s positioned on the
planting row unit 104. However, 1n other embodiments the
CPU 146 may be positioned remote from the planting row
umt 104, ¢.g., 1n a tractor cabin, on a different planting row
unit of a side-by-side row unit arrangement, etc. Furthermore
the processor and the memory device of the CPU 146 can be
located 1n the same place, ¢.g., on the planting row unit 104,
or 1n different places, e.g., the processor can be located on the
planting row unit 104 and the memory device can be located
in the tractor cabin.

The CPU 146 averages the values over a predetermined
time period (e.g., 0.25 seconds), executes an algorithm with
filtering effects (e.g., removes conditions in which a rock 1s
hit by the soil-hardness sensing device 102), and provides
real-time measurement of the soil hardness. The CPU 146
optionally receives other user-controllable variables {for
adjusting/tuning the agricultural system 100. For example,
the user-controllable vanables include values for different
residue levels, different 1nitial conditions, etc.

Referring to FIG. 2, the agricultural system 100 recerves
hydraulic fluid from a hydraulic source, typically located in
the tractor, at a hydraulic mnput pressure PO. The hydraulic
fluid 1s directed to each one of a plurality of hydraulic control
valves V1-V3. The CPU 146 outputs a respective signal
S1-S3 to the control valves V1-V3, which create a propor-
tional output/change in the pressure of hydraulic circuits,
virtually instantaneously changing the pressure inreal time as
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the agricultural system 100 moves through a field. The pres-
sure changes are useful, for example, when the agricultural
system 100 encounters hardened soil areas in which com-
bines or grain carts have previously compacted the soil. The
agricultural system 100 optimizes the pressure to achieve a
desired depth control by applying the right amount of pres-
sure at the right time.

To achieve the right amount of pressure for each control-
lable component (e.g., the hydraulic actuator 120, the row-
clearing unit 122, and the soil-hardness sensing device 102),
the CPU 146 outputs the respective signals S1-S3 to the
associated control valves V1-V3. For example, 1n response to
receiving a first signal S1 from the CPU 146, a first control
valve V1 outputs a proportional first pressure P1 to the
hydraulic actuator 120 (e.g., REFX™ system) for urging the
planting row unit 104 downwardly. Similarly, 1n response to
receiving a second signal S2 from the CPU 146, a second
control valve V2 outputs a proportional second pressure P2 to
the row-clearing unit 122 (e.g., GFX™ system ). The REX™
system 120 and the GFX™ system 122 are controlled inde-
pendently because residue typically exhibits non-linear
behavior. In other words, the independent control of the two
systems 120, 122 1s likely to achieve better depth-control
results.

A third control valve V3 recerves a third signal S3 from the
CPU 145, in response to which the third control valve outputs
a proportional third pressure P3 to the soil-hardness sensing
device 102 (e.g., FORESIGHT AND CFX™ system). The
control valves V1-V3 return hydraulic fluid to the hydraulic
source at a return pressure PR. Respective transducers for
cach of the control valves V1-V3 may be used to verity that
hydraulic output matches the desired value. If the hydraulic
output does not match the desired value, the hydraulic output
1s corrected. Furthermore, each of the control valves V1-V3
has a respective valve response time T1-13, which are dis-
cussed 1n more detail below in reference to determiming the
timing of applying the appropriate pressures P1-P3.

The CPU 146 further receives an input speed signal SQ
indicative of a speed Q of the agricultural system 100, which
moves typically at about 6 miles per hour, 1.¢., about 8.8 feet
per second. As discussed in more detail below, the speed
signal SQ 1s used to determine the values of pressures P1-P3
based on current soil conditions. Furthermore, as discussed 1n
more detail below, the CPU 146 further outputs two signals, a
sensor signal SCFX to the soil-hardness sensing device 102
and a closing wheel SCW to the closing wheel 114.

The soi1l-hardness sensing device 102 1s positioned 1n front
of the planting row unit 104 at a distance D (which 1s mea-
sured generally from a center line of the blade 132 to a center
line of the V-opener disk 112), which can be obtained based
on the following formula:

O(speed)=D(distance)/7(time interval) Equation 1
Thus, the distance D 1s calculated as follows:
D=0*T Equation 2

If D 1s a known distance (e.g., the distance between the
sensed position and position where seed-depositing position)
and the speed Q 1s also known, changes 1n so1l conditions can
be anticipated 1n real time prior to the planter row unit 104
arriving to the particular soil-change area. For example,
assuming that Q) 1s approximately 8.8 feet per second and T 1s
approximately 0.25 seconds, D should be approximately
equal to or greater than 2.2 feet. In other words, the minimum
distance for D should be approximately 2.2 feet. If D 1s
greater than the minimum value (e.g., D 1s greater than 2.2
feet), the agricultural system 100 1s calibrated to account for
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the additional distance. For example, the CPU 146 will send
the respective signals S1, S2 to the associated control valves
V1, V2 only after a predetermmed period of time Tact, as
dlscussed in more detail below.

Pressures P1 and P2 are to be applied only when matched
with the corresponding soil conditions. For example, P1 and
P2 are increased exactly at the time when harder soil condi-
tions are encountered directly below the planting row umit
104. To properly time the change 1n pressures P1 and P2
correctly, a time variable R refers to the latent processing
speed of CPU 146 and accounts for the time between (a)
receiving an input signal by the CPU 146, (b) sending output
signals S1, S2 by the CPU 146, and (c¢) responding to the
output signals S2, S2 by the control valves V1, V2 with
respective outputting pressures P1, P2.

It 1s noted that each of the control valves V1, V2 has a
minimum input time Tmin, and that the distance D (e.g., as
measured between the center of the blade 232 and the center
of the V-opener disk 212) 1s directly proportional to the speed
Q multiplied by the minimum 1nput time Tmin of the respec-
tive control valve V1, V2. It 1s further noted that a theoretical
time Ttheor 1s directly proportional to the distance D divided
by the speed Q (.e., D/Q), and that an actual time Tact 1s
directly proportional to the theoretical time Ttheor minus the
time variable R (i.e., Ttheor—R). Based on these conditions,
for outputting pressures P1 and P2, the CPU 146 holds 1n
memory output signals S1 and S2 for a time duration that 1s
equal to the actual time Tact. After the actual time Tact has
clapsed, the CPU 146 outputs signals S1 and S2, respectively,
to the control valves V1, V2, which respond by outputting
pressures P1, P2. Optionally, signals S1 and S2 are outputted
as signals ranging between 0-10 volts.

Referring to FIG. 3, a global positioning system (GPS)
provides a GPS signal indicative of the speed Q to the tractor.
Optionally, for example, the speed QQ can be generated from a
radar system. The speed Q 1s inputted to the CPU 146, along
with the soil-hardness signals recerved from the position sen-
sors 138, 140. Based on the speed Q and the soil-hardness
signals, the CPU 146 outputs signals S1 and S2 to the control
valves V1, V2, which output proportional pressures P1 and P2
for adjusting, respectively, the REX™ system 120 and the
GEFX™ gystem 122.

Retferring to FIGS. 4A-4C, the agricultural system 100
encounters various types of soil-hardness conditions, which,
for ease of understanding, will include soft soil condltlons
and hard soi1l conditions. The soft soil conditions exemplity
typical so1l conditions, and the hard so1l conditions exemplify
compacted soil areas, e.g., areas compacted by tire tracks of
tractors or combines.

Referring specifically to FIG. 4A, the agricultural system
100 1s moving forward at a speed Q over an 1nitial soil area
having only soit soi1l conditions. Based on the soft soil, the
blade 132 penetrates the soil at a distance X1 lower than the
wheel 136 (which rides on the soil surface). The distance X1
1s the difference between the position sensors 138, 140. In
accordance with the distance X1, which 1s associated with
soit so1l conditions, corresponding pressures P1 and P2 are

applied to the hydraulic actuator 120 and the row-clearing
unit 122.

Referring specifically to FIG. 4B, the blade 132 and the
wheel 136 (but not the planting row unit 104) are now moving
over a so1l area of hard so1l conditions. Because the soil 1s now
much harder than the previous soil area, the blade 132 cannot
penetrate the soil as much as 1n the previous soil area. As such,
the blade 132 rises higher relative to the soil surface and
penetrates the soil only at a distance X2 lower than the wheel
136 (which continues to ride on the soil surface). The distance
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X2 1s the distance determined by the CPU 146 based on the
corresponding change in value outputted by the position sen-
sors 138, 140. However, although the distance X2 (which 1s

associated with hard soil conditions) 1s different than the
previous distance X1 (which 1s associated with soft so1l con-
ditions), the corresponding pressures P1 and P2 are not

changed, yet, because the planting row unit 104 has not
reached the hard-soil area.

Referring specifically to FIG. 4C, the planting row unit 104
1s now moving over the hard-soil area, which the blade 132
and the wheel 136 have already passed. At this point 1n time,
and only at this point 1n time, the pressures P1 and P2 are
increased to maintain the desired depth level. Thus, although
the soi1l-hardness sensing device 102 has reached, again, soft
so1l conditions that allow the blade 132 to penetrate the soil at
the previous distance X1, the pressures P1 and P2 are adjusted
in accordance with the hard soil conditions.

Referring to FIG. 5A, another exemplary soil-hardness
sensing device 202 1s attached to a towing frame 206 and
includes a planting row unit 204 having a V-opener disk 212,
a closing wheel 214, and a row-unit gauge wheel 216. The
planting row unit 204 further includes a hydraulic actuator
220 that responds to a pressure P1 and arow-clearing unit 222
that responds to a pressure P2. The soil-hardness device 202
and the planting row unit 204 are generally similar to the
so1l-hardness device 102 and the planting row umit 104
described above 1n reference to FIGS. 1-4C, except for any
changes described below.

In this embodiment the soil-hardness device 202 can be a
device that 1s already 1included in the planting row unit 204,
such as a cutting coulter running directly in-line with the
planter row unit or a fertilizer opener positioned oif to a side
of the planted area. Thus, assuming a side-by-side arrange-
ment of row units, the soil-hardness device can take the form
of a fertilizer opener or a no-till cutting coulter 1n front of or
to the side of every row unit.

The soil-hardness device 202 includes a blade 232 and a
so1l-hardness gauge wheel 236. The blade 232 1s attached to
a blade arm 260 and the soil-hardness gauge wheel 236 1s
attached to a wheel arm 262. The wheel arm 262 1s biased
down by a spring 264 and p1vots relative to the blade arm 260.
An angular encoder 266 measures changes 1n an angle 0
between the blade arm 260 and the wheel arm 262. The angle
0 1s directly proportional to the depth of the blade 232 relative
to the soil-hardness gauge wheel 236.

The angle 0 1s sent to a CPU 246 which executes an algo-
rithm to determine corresponding pressure values for the
planting row unit 204. A minimum angle Omin 1s equal to
angle 0 when both the blade 232 and the soil-hardness gauge
wheel 236 are on the soi1l surface, e.g., when passing over very
hard soil conditions or a concrete tloor. A depth variable Z
indicates a desired blade depth, 1.e., blade 232 penetration
into the soil. The angle 0 1s directly proportional to the depth
variable Z, which has a range between an actual (or current)
depth value Zact and a theoretical depth value Ztheor.

By way of comparison, 1n the soil-hardness device 202 of
the current embodiment a controllable pressure P3, which 1s
applied to the soil-hardness device 202, 1s varied, but the
angle 0 between the blade 232 and the soil-hardness gauge
wheel 236 1s maintained generally constant, with the blade
232 penetrating the soil at a desired blade depth Z. In contrast,
in the soil-hardness device 102 described above 1n reference
to F1IGS. 4A-4C the difference between the blade 132 and the
wheel 136 1s varied (e.g., distances X1 and X2), but the
pressure applied to the soi1l-hardness device 102 1s maintained
generally constant.
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According to one aspect of the algorithm 1llustrated in FIG.
5B, the angle 0 1s measured (270A) and the actual depth value
Zact 1s calculated (270B). Based on the actual depth value
Zact and an inputted theoretical depth value Ztheor (270C), a
determination 1s made whether the actual depth value Zact 1s
equal to the theoretical depth value Ztheor (270D):

If Zact=Ztheor=>end Equation 3

If the actual depth value Zact 1s equal to the theoretical depth
value Ztheor (1.e., Zact=Ztheor), the algorithm ends (until the
next value 1s recerved) (270H). Optionally, if angle 0 15 less
than minimum angle Omin (1.e., 0<Omuin), algorithm 1gnores
changes because those values typically 1llustrate that the soil-
hardness sensing device 202 has hit a rock.

I1 the actual value of the depth variable 7 1s greater than the
theoretical value of the depth variable Z (1.e., Zact>Ztheor)
(270E), the controllable pressure P3 that 1s being applied to
the soil-hardness device 202 1s decreased until the actual

value of the depth vaniable Z 1s equal to the theoretical value
of the depth variable Z (1.e., Zact=/theor) (270F):

If Zact>Ztheor=>decrease 3 until Zact=Ztheor Equation 4

If the actual value of the depth variable Z 1s smaller than the
theoretical value of the depth variable Z (1.e., Zact<Ztheor),
then the controllable pressure P3 1s increased until the actual
value of the depth vaniable Z 1s equal to the theoretical value

of the depth variable Z (1.e., Zact=/theor) (270G):

If Zact<Ztheor=>increase 3 until Zact=Ztheor Equation 5

Thus, according to this algorithm, the desired depth Z of
the blade 232 1s maintained constant by varying the pressure
P3 1n response to detected changes in the angle 0. To vary the
pressure P3, a user-defined variable M (similar to the user-
defined variables K and I described below) 1s increased or
decreased to modily an actual value P3act of the pressure P3
until the desired depth variable 7 1s achieved. As such, assum-
ing that a theoretical value P3theor of the pressure P3 1s being
applied to the blade 232 when the desired depth Ztheor 1s
achieved, and further assuming that P3theor 1s directly pro-
portional to M*P3act, M 1s modified until M*P3act 1s equal to
P3theor (and, consequently, the desired depth vanable Z 1s
achieved). For example, it the depth vanable Z 1s too small,
1.€., the blade 232 1s running too shallow into the soil (e.g., the
blade 232 1s moving through a heavily compacted so1l area),
as detected by a change in the angle 0, M 1s increased until the
actual pressure value P3act i1s equal to the theoretical value
P3theor. Once the theoretical value P3theor 1s reached, the
increased pressure forces the blade 232 into the soil at the
desired depth. Furthermore changes to the pressure P1 and the
pressure P2 can be effected based on M*P3act being directly
proportional to P1 and P2.

According to another aspect of the algorithm, 1llustrated 1n
FIG. 5C, if feedback 1s desired from the row-unit gauge wheel
216, to verily that the system 1s performing as desired (e.g., to
verily that the appropriate pressure values are being applied
to the planting row unit 204), a weight variable W 1s set 1n
accordance with a desired weight. In this example, the pres-
sure P1 applied to the hydraulic actuator 220 of the planting
row unt 204 1s directly proportional to a user-defined variable
K multiplied by the pressure P3 applied to the soil-hardness
device 202 (1.e., P1 1s directly proportional to K*P3).

A signal S4 (illustrated in FIG. 5A), which 1s directly
proportional to the weight variable W, 1s outputted by a gauge
wheel load sensor 280 (illustrated in FIG. SA) and averaged
over a time period Tgauge. After measuring the actual weight
value Wact (272 A) and recerving the theoretical weight value
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Wtheor (272B), a determination 1s made whether the actual
weight value Wact 1s equal to the theoretical weight value

Wtheor (272C):

If Wact=Wtheor=>end Equation 6

If the actual weight value Wact 1s equal to the theoretical
weilght value Wtheor (1.e., Wact=Wtheor), the algorithm ends
(272G) until the next measurement.

If the actual weight value Wact 1s greater than the theoreti-
cal weight value Wtheor (1.e., Wact>Wtheor), then the user-
defined variable K 1s decreased (272E) until the actual weight
value Wact 1s equal to the theoretical weight value Wtheor:

If Wact>Wtheor=>decrease K Equation 7

If the actual weight value Wact 1s less than the theoretical
weight value Wtheor (1.e., Wact<Wtheor), then the user-de-
fined vanable K 1s increased (272F) until the actual weight

value Wact 1s equal to the theoretical weight value Wtheor:

If Wact<Wtheor=>increase K Equation &

The user-defined variable K can be set manually by a user or
automatically via a load pin 282.

Similarly, referring to FIG. 5D, the pressure P2 applied to
the row-cleaner unit 222 can be adjusted by adjusting a user-
defined vanable J. Specifically, 1n this example, the pressure
P2 1s directly proportional to the user-defined variable J mul-
tiplied by the pressure P3 (1.e. P2 1s directly proportional to
I*P3). After measuring the actual weight value Wact (274 A)
and recerving the theoretical weight value Wtheor (274B), a
determination 1s made whether the actual weight value Wact
1s equal to the theoretical weight value Wtheor (274C):

If Wact=Wtheor=>end Equation 9

IT the actual weight value Wact 1s equal to the theoretical
weight value Wtheor (1.e., Wact=Wtheor), the algorithm ends
(274G) until the next measurement.

If the actual weight value Wact 1s greater than the theoreti-
cal weight value Wtheor (1.e., Wact>Wtheor), then the user-
defined variable J 1s decreased (274E) until the actual weight
value Wact 1s equal to the theoretical weight value Wtheor:

If Wact>Wtheor=>decrease .J Equation 10

If the actual weight value Wact 1s less than the theoretical
weight value Wtheor (1.e., Wact<Wtheor), then the user-de-

fined variable J 1s 1increased (274F) until the actual weight
value Wact 1s equal to the theoretical weight value Wtheor:

If Wact<Wtheor=>1ncrease J Equation 11

The user-defined variable J can also be set manually by a user
or automatically via the load pin 282.

Referring to FIGS. 6 A and 6B, an agricultural system 300
includes a tractor 301, two soil-hardness sensing devices
302A,302B, aplanting device 303, and a plurality of planting
row units 304A-304L, which are configured 1n a side-by-side
arrangement. In this example, each of the planting row units
304A-304L has at least one respective control Valve A-L,
which 1s adjustable based on signals received from the soil-
hardness sensing devices 302A, 302B.

The tractor 301 moves at a speed Q, pulling the soil-hard-
ness sensing device 302A, 3028, the planting device 303, and
the planting row units 304A-304L along a soil area that
includes five soil areas 305A-305E. Specifically, the soil
areas 305A-305E includes a top outside area 305A, a top
wheel area 305B, a central area 305C, a bottom wheel area
305D, and a bottom outside area 305E. The top wheel area
305B and the bottom wheel area 305D have soil conditions
that are harder than the top outside area 305 A, the central area

305C, and the bottom outside area 305E. The harder soil
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conditions are caused by the wheels of the tractor 301 and/or
planting device 303, which form a compacted path as the
tractor 301 moves along the soil area. Thus, each of the top
wheel area 3058 and the bottom wheel area 305D are areas
compacted by the wheels of vehicles.

A first so1l-hardness sensing device 302A controls only the
planting row umts 304E, 304H that are positioned 1nside the
compacted paths of the top wheel area 305B and the bottom
wheel area 305D. A second soil-hardness sensing device
302B controls all the other planting row units 304A-304D,
304F-304G, and 304'-304L, 1.e., all the planting row units

positioned outside the compact paths of the top wheel area

305B and the bottom wheel area 305D (and within the top
outside area 305B, the central area 305C, and the bottom
outside area 305E). Optionally, any number of soil-hardness
sensing devices and any number of planting row units can be
used. For example, each of the planting row units 304 A-304L
can have 1ts own designated soil-hardness sensing device.
The soil-hardness sensing devices 302A, 302B are posi-
tioned at a distance D i front of the planting row units
304A-304L. Optionally, each of the soil-hardness sensing
devices 302A, 302B can be positioned at a different distance
in front of the planting row units 304 A-304L. For example,
the first soi1l-hardness sensing device 302 A can be positioned
at a distance X1 1n front of the planting row units 304 A-304L
and the second soil-hardness sensing device 302B can be
positioned at a distance X2 1n front of the planting row units
304A-304L. As currently 1llustrated 1n FIGS. 6 A-6B, the
distances X1 and X2 are equal to each other (being effectively
distance D). Furthermore, the first soil-hardness sensing
device 302A 1s positioned inside the compacted path of the
bottom wheel area 305D and the second soil-hardness sens-

ing device 302B 1s positioned inside the bottom outside area
305E (i.e., outside the compacted path of the bottom wheel

area 303D).

The soil-hardness sensing devices 302A, 302B and the
attached planting row units 304A-304L are generally config-
ured to sense soil conditions and adjust corresponding
hydraulic pressures of Valves A-L as described above 1n ref-
erence to FIGS. 1-5. The configuration of having multiple
so1l-hardness sensing devices 302A, 302B increases preci-
sion 1n adjustment of hydraulic pressures, based on current
so1l conditions, because i1t accounts for differences between
compacted and non-compacted paths 1n a field that 1s being
planted. Thus, for example, the soil-hardness sensing devices
302A, 302B provides signals to corresponding control valves
for increasing and/or decreasing hydraulic pressures of the
planting row units 304 A-304L.

The soi1l-hardness sensing devices discussed above can be
remotely controlled. For example, the soil-hardness sensing
devices 302A, 302B can be remotely controlled with a hand-
held radio-frequency remote controller. By way of example,
the remote controller can be used to manually increase and/or
decrease the hydraulic pressures in one or more of the soil-
hardness sensing devices 302A, 302B.

It will be evident to those skilled 1n the art that the invention
1s not limited to the details of the foregoing illustrated
embodiment and that the present invention may be embodied
in other specific forms without departing from the spirit or
essential attributes thereof. The present embodiment 1s there-
fore to be considered 1n all respects as 1llustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.
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The mvention claimed 1s:

1. An agricultural system comprising:

a towing frame; and

a planting row unit attached to the towing frame, the plant-

ing row unit being movable 1n a forward direction on a

field having soil of varying hardness conditions, the soil

including a soit soil and a hard soil, the soft soil being
casier to penetrate than the hard soil, the planting row
unit including,

a planting bin rearwardly of the towing frame for carry-
ing at least one of a fertilizer and seeds to be deposited
into the soil,

a linkage assembly for coupling the planting bin to the
towing {rame, and

an opener device forward of the towing frame for pre-
paring the soil for receiving at least one of the fertil-
izer and the seeds, the opener device including an
opener blade and a soil-hardness sensor, the opener
blade maintaining the same soil-penetration depth 7
in the soft soil and the hard so1l based on soil-hardness
changes detected by the soil-hardness sensor.

2. The agricultural system of claim 1, wherein the opener
blade 1s selected from a group consisting of a cutting coulter
and a fertilizer opener.

3. The agricultural system of claim 2, wherein the cutting
coulter 1s positioned directly in-line with and forward of the
planter row unit.

4. The agricultural system of claim 2, wherein the fertilizer
opener 1s positioned ol to a side of a planted area and forward
ol the planter row unit.

5. The agricultural system of claim 1, wherein the opener
device further includes

a gauge wheel attached to a wheel arm, the opener blade

being attached to a blade arm, the wheel arm pivoting

relative to the blade arm 1n response to the planting row
umt moving between the soft soil and the hard soil; and

an angular sensor for measuring changes between the blade
arm and the wheel arm.

6. The agricultural system of claim 5, further comprising a
controller for determining, 1n response to the changes, pres-
sure output to the planting row unait.

7. The agricultural system of claim 1, wherein the opener
device further includes

a first linear position sensor coupled to the opener blade;

a wheel gauge; and

a second linear position sensor coupled to the wheel gauge;

wherein the soil-hardness changes are determined 1n part

based on relative motion between the opener blade and
the wheel gauge as measured by the first linear position
sensor and the second linear position sensor.

8. The agricultural system of claim 1, further comprising a
side-by-side arrangement of planting row units attached to the
towing frame, the planting row units including the planting,
row unit and forming a first group of planting row units and a
second group of planting row units, the first group of planting
row units being positioned inside a compacted path formed by
wheels of a towing vehicle, the second group of planting row
units being positioned outside the compacted path.

9. The agricultural system of claim 1, wherein the planting,
row unit further includes a hydraulic actuator mounted rear-

wardly of the towing frame for applying down-pressure to the
planting row umt, the down-pressure changing in real time in
accordance with the soil-hardness changes detected by the
so1l-hardness sensor.
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10. An agricultural system comprising:

a towing frame;

a plurality of planting row units attached to the towing
frame 1n a side-by-side arrangement, the plurality of
planting row units being movable 1n a forward direction
on a field having soil of varying hardness conditions, the
so1l including a soit soi1l and a hard soil, the soft soil
being easier to penetrate than the hard soil, atleast one of
the plurality of planting row units including
a planting bin rearwardly of the towing frame for carry-

ing at least one of a fertilizer and seeds to be deposited
into the soil,

aparallel-bar linkage assembly for coupling the planting
bin to the towing frame,

a hydraulic actuator mounted rearwardly of the towing
frame for applying down-pressure to the at least one
of the plurality of planting row units, and

an opener device attached to and forward of the towing
frame for preparing the soil for receiving at least one
ol the fertilizer and the seeds from the planting bin,
the opener device including an opener blade and a
soil-hardness sensor, the opener blade maintaining

the same soil-penetration depth Z 1n the soft soil and

the hard soil based on soi1l-hardness changes detected
by the soil-hardness sensor; and

at least one controller for determining changes to pressure
in the hydraulic actuator 1n accordance with the soil-
hardness changes.

11. The agricultural system of claim 10, wherein the opener
blade 1s selected from a group consisting of a cutting coulter
and a fertilizer opener.

12. The agricultural system of claim 11, wherein the cut-
ting coulter 1s positioned directly in-line with and forward of
the planter row unit.

13. The agricultural system of claim 11, wherein the fer-
tilizer opener 1s positioned oif to a side of a planted area and
torward of the planter row unit.

14. The agricultural system of claim 10, wherein the opener
device further includes
a gauge wheel attached to a wheel arm, the opener blade
being attached to a blade arm, the wheel arm pivoting
relative to the blade arm 1n response to the planting row
unit moving between the sott soil and the hard soil; and

an encoder for measuring angular changes between the
blade arm and the wheel arm.

15. The agricultural system of claim 14, wherein the wheel
arm 1s biased down by a spring.

16. The agricultural system of claim 10, wherein the opener
device further includes

a first linear position sensor coupled to the opener blade;

a wheel gauge; and

a second linear position sensor coupled to the wheel gauge;

wherein the soil-hardness changes are determined 1n part

based on relative motion between the opener blade and
the wheel gauge as measured by the first linear position
sensor and the second linear position sensor.

17. The agricultural system of claim 10, wherein the plu-
rality of planting row units includes a first group of planting
row units and a second group of planting row units, the first
group of planting row units being positioned nside a com-
pacted path formed by wheels of a towing vehicle, the second
group of planting row units being positioned outside the
compacted path.

18. The agricultural system of claim 10, wherein the at least
one controller 1s mounted on the at least one of the plurality of
planting row units.
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19. The agricultural system of claim 10, wherein the at least
one controller 1s remote from the plurality of planting row
units.

20. The agricultural system of claam 10, wherein the
changes to pressure 1n the hydraulic actuator are determined 5
in real time as the plurality of planting row units are movable
between the soit soil and the hard soil.
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